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INTRODUCTlON 
History of Bean Research Networks in Africa 
The CIAT Sean Program was established by the CGIAR in 1974 with the world mandate to 
make a lasting increase in food availability and incomes 01 the poor by improving bean 
productivity through technology developed in collaboration with nalional institutions. To 
effectively work on a global scale, a Sean Program pioneered a strategy lor grouping countries 
into regional researeh networks having agroeeological and socioeconomic affinities lo 
facilitate the development and transfer of new technologies across a large area in a more 
efficient and economical manner. In Africa, the {i rsl regional bean network was established 
in the Great Lakes Region (RESAPAC) in 1984, and soon {ollowed by the Eastern Afriea Bean 
Research Network (EASRN) and the Southern Africa Bean Network (SADC). 
Priorto the establishment olthe research networks, bean production in sub-Saharan Alriea was 
poorly understood. National programs had Httle success in developing technologies eapable 
01 overcoming important production conslrainls. When new technologies were developed 
many were found nol to be appropriate lo farmer needs. The underlying reason for the lack 
of progress was that individual national programs were generally understaffed, with multiple 
legume crop development responsibilities, very limited budgels, no direct access to new 
technologies being developed elsewhere, and lacked Iraining and orienlation in on-farm 
research. The CIAT-managed regional bean networks were critical for slrengthening nalional 
programs and organizing research activities in some of the poorest countries of the world. 
The networks lunction as volunlary associalions among national agricultural research systems 
(NARS) and with CIAT, and have a common objective to increase bean productivity in 
particular agro-ecological zones and/or socio-economic regions. AII decisions on teehnical 
priorities, resource allocation, and assessment 01 research progress are the responsibility of the 
regional Steering Committees. Policy deeisions concerning network aclivities are determined 
by regional committees of NARS Directors. Research planning is done through participatory 
Project Planning by Outputs (PPO) which gives individual scientists and other groups, such 
as extension agents and local NGOs, a sen se of ownership and identification with the 
network. The core set of activities within a network is collaborative research, organized as 
regional sub-projecls, and led by selected NARS scientists from institutions offering 
eomparative advanlages for a particular line of research. 
The significan! accomplishments achieved lo date by the regional bean networks are a direct 
result of the close collaboration belween CIAT scientific staff in the region and national 
program researchers. Daily interaction provides NARS with quicker access to new 
technologies and lo on-Ihe-job research training. It is not, however, a one-way flow of 
information. CIAT depends on the regional networks as much as the NARS to develop and test 
new lechnologies. The networks also facilitate the development and exchange of technologies 
within/among NARS members. Greater across-nelwork exchange of new technologies i5 
evolving as the networks mature and strengthen. 
The situatíon concerning bean research in Africa is very differenl today than ít was ten years 
ago. The networks and their 5teering committees are now seasoned in network management, 
and the research sub-project mechanism has become instítutionalized. Increasingly, 
coordination of lhe networks is being turned over to local management. The (irst network to 
be devolved was SADC in 1994, followed by RESAPAC in 1995. EABRN will become self-
managing in 1996. The natural evolution of the networks towards self managemen! is fully 
supported by CIA T, the donors, and the regional directors. 
Vet, previous experience has shown tha! for the networks to be successful after devolution, 
there must be in place three critical components: 1) a commitment by Ihe donors for 
continued support lo lhe networks, 2) eommitment by the NARS lo conduct high quality 
researeh and to exchange Ihe results with other member countries, and 3) a conlinuous supply 
of new teehnologies and research inputs by CIA T scientists to Ihe NARS in a frequent and 
participatory manner. 
Looking T oward the Fulure 
As the regional networks evolve, research needs and priorities al50 change. Greater dedicated 
research efforts are now needed lO lackle and solve some of lhe mosl diffieult constraints 
limiting bean productivily. Many of Ihese constraints, such as low soi! fertility, drought, 
specifie diseases and insects, seed proouction methods, etc. are not regional in nature, but 
rather, go across regional boundaries and are common throughout mueh of sub-Saharan Africa. 
Increasingly, experienced CIAl and NARS scientists from one region are being called upon 
to supply technologies and information lo other regional networks. Efficient collaboration 
among networks and scientists in Africa can greatly help lo define common problems, 
priorities, and action strategies to combat these and other important constraints. 
Inler-regional collaboration has become more important as overall donor support to bean 
research declines and the number of CIAT 5taff within the regional networks is reduced. A 
joint donor (ClDA, SDC, USAID)/ClAT meeting was held in Nairobi in 1991 (Graf et al, 1991) 
to discuss the future of Ihe lhree bean networks. The overall purpose of the meeting was lo 
develop a framework of action by Ihe donors lo establish sustainable support to bean research 
in Africa. The donors agreed that there were two overall problems with the present situation 
of maintaining three separate donor-funded projects on beans. First was the duplication of 
administralive activities among networks: Each of the three donors requires separate project 
proposals and budgets, and separate monitoring and evaluation reports for each network. This 
increases administrative overhead and ties up resources that could be made available for bean 
research activities. Second, was the cut backs in ClAT outreach staft: A full complement of 
CIAT lechnical staff 10 each regional network could nol be sustained with declining budgets, 
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but any further 1055 of CIA T staff would cause a non-acceplable reduction in research output 
in the medium time frame. 
The overall opinion of the donors was expressed as: "Donor support for bean research in 
Africa has in the past Focussed on a regional network framework. Over time this scenario is 
changing lo require support on a inter-network moda lit y in addition to support for sub-project 
activily in the intra-network context of the current scenario. As the networks progressively 
assume the responsibility of coordinatíon and management of funds for sub-project actívities, 
donors wiJl need to find venues for channeling funds. As the same time ClA T personnel wil/ 
assume an inter-network mode, which wil/ require the donors te recognize that staff 
supported by them wil/ increasingly be used on an ínter-network basis until such time as ClA T 
core fundíng is sufficíent 10 cover íts activíties." (Report oi Joint Donor/ClA T Meeting on Bean 
Research in Africa, Nairobi, 20-22 November, 1991). 
The report recommended tha! several actions be taken by ClA T, Ihe networks, and the donors 
to investigate the possible merger of the three donor projects into one pan-Africa project. 
Within the Jarger pan-Africa project framework, the regional networks wouJd be maintained 
as self-managing research units or sub-networks. Technical interactíons among the networks 
has been encouraged through the formation of Pan-African Working Groups consisting of 
experienced scientists whose functíon is 10 review research progress and lo advise steering 
committees. 
Since Ihe donor meeting, other events have continued to promote inler-network coJlaboration 
and self management. The Eastern Africa Committee of Directors, now functioning as the 
Association for the Slrengthening of Agricultural Research in Eastern and Central Afríca 
(ASARECA) was formed lo develop regional polícy guídelines on agricultural research and lo 
provide governance lo Ihe different networks operating in the region. Through ASARECA there 
now exists the possibilily of direct donor funding lo the regional networks Ihrough this 
association. 
Underway, is Ihe recommended merger of RESAPAC wilh EABRN lo form the Eastern and 
Central Africa Bean Research Network (ECABREN/RESAPACE). An immediate advantage oi 
Ihis merger is that the Directors of Research (rom Rwanda, Burundi, and Zaire cao insure that 
the particular needs of Ihe Great Lakes Region receive sufficient attention as members of a 
larger regional initiative. Anolher advantage is that research efforts, disrupted in Rwanda due 
lo the outbreak of civil war and the contínuíng post-war reverberations on neighboring Zaire 
and Buruodi, can be sustained io other ECABREN member countries. Indeed, this is already 
the case. Both Uganda and Tanzania have been active participants in the Seeds of Hope 
Project to resupply Rwanda with local genetic diversily that may have been 1051 or threatened 
due lo the war. 
In Southern Africa, MaJawi recently reorganized its research on common bean and created a 
new program within the Minislry of Agriculture. The reorganization and funding of this 
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program has been back-slopped by a bilateral projecl funded by British ODA. Technical 
support lO the newly formed national program is supplied by one CIAT scientist in the project. 
Research capacíly in southern Africa has also been slrengthened through Ihe joining of the 
Republic of South Africa lo Ihe SADC-Bean Regional Network. South Afríca, having excellent 
research infraslructure and well Irained slaff, may be able lo supply important technical back-
stopping to SADC. This is especially important as the number of CIA T scienlist in SADC has 
declined significantly after ClDA support lo the network ceased in 1993. South Africa can .'lIso 
benefit from being a member of Ihe network by acquiring technologies Ihal are especially 
appropriate lo the mi 11 ions of small-scale South African bean farmers. 
The future of bean research in Africa is based on two importanl evolutions: 1) Ihe formalion 
of malure, self-goveming regional research networks, and 2) grealer involvement of ClAT staff 
in pan-Africa research efforts to solve recalcitran! and comple)( bean produclion conslraints. 
This sítuation now permits the donors, CIA T, and the NARS to contemplate a new strategy for 
bean research in Africa. This new strategy is put forth in the following project proposal: The 
Pan-Africa Bean Researeh Allianee (PABRA): Strengthening Collaborative Bean Researeh in 
Sub-Saharan Afriea, 1996-2000. 
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CHAPTER 1 
IMPORTANCE OF BEANS IN AFRICA 
1.1 Nutritional Significance 
The nutritional trend in 5ub-Saharan Africa, unlíke other regions of the developing world, has 
deteriorated since 1980, according to the United Nations Second Report on the World 
Nutrition Situation (UN ACOSCN, 1992). One-third of the population of sub-Saharan Africa 
is nol consuming adequate calories lo maintain Ihe already modest recommendation level of 
2,100 kcal per day. Yet, the nutrilion problem is not just one of total calories. Protein and 
micro-nutrient deficiencies are al 50 increasing. When cereal consumplion is not combined 
with legumes, protein deficiencies due to incomplete amino acid balances are common. 
Declining legume produclion and consumplion in favor of cereals lead5 lo decreased intake 
of dietary iron and increased anemia, especially in women and young children (Pinstrup-
Andersen, 1993; Calloway, 1994). 
Beans are characterized as being a nearly 'perfect! food by the Nutrition Action Healthletter 
(1993). Beans are nutritionally rich, especially in protein, iron, and folic acid, and are a good 
source of dietary fiber and complex carbohydrates (Carpenter, 1981; Nutritional Action 
Healthletter, 1993; Uebersax and Hosfield, 1984). Furthermore, the presence of beans in the 
diet in creases the utilization of maize and rice proteins due to complementarily in amino. 
acids. Moreover, beans are one of the best sources of iron, with a single serving providing 23-
30 percent of daily recommended iron levels. 
Beans play an increasingly important role in the human nutrition in sub-Saharan Africa. In 
Eastern and Southern Africa, beans are the second most importan! source of protein after 
maize, and the third most important source of calories, after maize and cassava (Pachico, 
1993). Beans outrank such stables as plantains, sweet potatoes, sorghum and millet in the 
caloric contribution, and exceed fish, milk, and beef as sources of total protein. In the Creat 
Lakes region of Central Africa, beans play an extremely important role in daily dietary regimes 
as they provide up lo 65"10 of the dietary protein and 32"10 of caloric intake (MINIPLAN, 1988) 
In Rwanda and western Kenya, per capita annual consumption of beans exceeds 66 kg and 
is among the highest in the world. 
Consumption oi beans is high in large part because beans are a relatively inexpensive foad 
(Pachico, 1993). Beans are the cheapest source of calories and protein in Uganda and Rwanda, 
and the cheapest source of protein in Tanzania. Nevertheless, recent production shortages in 
certain regions of Africa (e.g. Malawi and Rwanda), caused by the lack of high yielding 
varieties, environmental constraints, and civil strife, have driven bean prices up and aboye 
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what poor consumer can afford to pay. Consequently, malnutrition has sharply increased in 
these areas. 
1.2 Production Facts and Trends 
The principal bean producing countries in Africa are Kenya, Zaire, Tanzania, Uganda, 
Burundi, Rwanda, and Ethiopia (T able 1). The official statistics, however, underestimate bean 
production in countries where area statistics tend lO reflect only monoculture beans, and 
exclude large areas inter-cropped with maize, sorghum, or bananas. 
Bean production in Africa generally has been increasing by 2.1 % per year, primarily Ihrough 
area expansiono Bul in recent years, area expansion has slowed lo 1.9 % per year, while bean 
yields have remained static. Present-day production practices can no longer keep up with 
consumption demands. ClAT economisls warn that demand for beans in Africa will increase 
by 72% between 1985 and 2000, requiring an increase in average yield of 308 kg per hectare, 
including the new production areas (Pachico, 1993). 
Meeting this demand through increase productivity now appears feasible as shown by on-farm 
research results oi new technologies and by adoptionlimpact studies of new bean varieties and 
cropping practices in Rwanda (reier lo Section 2 on Impact). 
Economic incentives will also continue to encourage bean production. The high annual rates 
of bean production increase in Kenya (5.9%) and Ethiopia (7.1 %) during the past decade 
reflect a strong eompetitive position relative to altemative enterprises. A strategie study by 
Uganda's Ministry of Agriculture suggests that beans and bananas, the two dominant food 
erops, are likely to continue to be the most profítable crops (including the traditional cash 
crops). 
Beans are grown predominantly by women farmers throughout sub-Saharan Africa, 
traditionallyas a subsistence erop. Vet, recen! economic surveys by EABRN indicate tha! about 
50% of producers sell part oi their harvest, mostly to urban populations: Tanzania and 
Uganda have an active informal trade to Rwanda, Kenya and Sudan; Kenyan beans are 
eonsumed in Somalia; Ethiopia's formal exports generated income of USD 20 million in 
1989; Madagascar exports to Reunion and Mauritius. The income-generating aspect of bean 
productíon ís becomíng more important especially near urban markets, where populations are 
increasingly reliant on beans as an ínexpensíve source of protein. Fresh (non-dry) beans 
command a premium price due to their taste and fast eooking time. Snapbeans provide many 
enterprising small farmers with their first experience of cash-crop vegetable production; 
Kenya's rapidly expanding industry exported 19,000 tons in 1990 at a value of USD 28 
millíon, while Ethiopia and Rwanda have smaller export markets. Tanzania produces snapbean 
seed on contract to European seed produeers. 
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Table 1. Estimated annual dry bean produetion statisties for Afriean eountrles. 
Country Hectares Yield Imports Exports 
(Kglha) (MT) (MT) 
Angola 110,000 364 18,352 O 
Burundi 380,000 902 O O 
Ethiopia 239,000 528 
° 
7,117 
Egypt 20,000 2,000 24 1,487 
Lesotho 7,300 343 1,000 700 
Kenya 687,000 690 
Madagasear 95,000 802 144 2,802 
Malawi 135,000 559 
Moroeeo 7,000 600 906 
° Mozambique 181,000 343 
Rwanda 320,000 873 1,000 
° South Afriea 87,000 16,850 6,950 
Sudan 70,000 
Swaziland 4,700 383 
Tanzania 465,000 620 20,000 
Tunisia 3,000 1,060 2,739 
° Uganda 400,000 741 12,000 
Zambia 24,000 653 
Zaire 510,000 593 
Zimbabwe 24,000 691 
° 
1,868 
Total 3,769,000 
Sources: Grisley, 1990; Grisley and Mwesigwa, 1990; Gitu, 1992; Eldin, 1983; Halila and Bouslama, 1983; 
Central Statistical Office, 1989; Bouazza, 1983. For Ethiopia, estimates are based partially on reports 01 farming 
systems surveys. Estimates for Zaire are based on observations of bean researchers. 
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CHAPTER 2 
RESEARCH CAN INCREASE BEAN PRODUCTIVITY 
2.1 Technical Solutions for Important Production Constraints 
Low soil fertility, drought, diseases, inseets, and the lack of inputs, together with the use of 
local varieties having low yield potential, are the principaltechnical constraints limiting bean 
productivity in sub-Saharan Africa (Table 2). Not al! important constraints are biological in 
origino Socio-economic factors related lo farmer adoption of new technologies, seed 
distribution, and market regulations may al so restrict bean production. New technology 
development is limiled by Ihe degree of organization, resources, and number of Irained 
personnel within the national programs. 
Over the last ten years, considerable progress has been made in applying science lo 
understanding bean production constrainls in Africa. Research resulls of CIAT and the NARS 
provided the networks a solid base upon which to build an efreclive research agenda for the 
end of the decade. Some of the new technologies being tested lo solve important production 
constraints are as follows: 
Improve 50il fertility and bean adaptation to low fertility 
• Low soil nitrogen and low organic matler contribute to poor yields in many African 
bean production environmenls. Green manuring by inter-cropping with Crota/aria, and 
in agroforeslry associations with deep-rooted legumes such as Sesbania, is greatly 
increasing experimental yields. Participatory on-farm trials with agroforestry species 
have recently started in Uganda, Ethiopia, Tanzania, and Malawi. 
• Modern bioteehnological approaches to study Rhizobia strain compeliliveness for 
greater biological nitrogen fixation (SNF) are being used to evaluate the effectiveness 
of rhizobium inoculalions under different envi ron mental conditions. Indicalor varieties 
tha! have 10sI Ihe capacity lo fix biological nitrogen Ihrough mulation breeding have 
been developed al CIAT for field use lo quanlify nitrogen fixation of bean varieties 
under a variety of environmental conditions. These materials will give African 
researchers a reliable and cheap 1001 for measuring nitrogen fixation in farmers' fields. 
Several promising new strains of Rhizobia have already been inlroduced 10 Africa from 
CIAT. 
• Sean germplasm is being evaluated for lolerance lo low 50il phosphoru5, low soil 
nitrogen, and low pH complexe5. Low soil phosphorus is a problem commonly 
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occurring in Madagascar, Rwanda, Malawi, Zambia, Mozambique, South Africa, and 
in valley bottoms in Uganda and Tanzania. lines showing greatest lolerance lo soil 
nutritional constraints are distributed lo breeders and agronomists through the Bean 
Improvement of Low Fertility in Africa (SILFA) Irials. 
Table 2. Sean production constraints of high importance in Sub-Saharan Africa, indicated 
by number of hectares ('000) and percent of area. 1,2,3 
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Conslrain! 
Diseases 
Angular Leal Spot 
Rust 
Anthracn05e 
Ascochyta Blight 
Charcoal Rot 
Root Stem Rots 
Fusarlum Welt 
Common Bacterlal B I ight 
Bean Common Mosale Virus 
InseCls 
Aphids 
Bean Stem Maggot 
Trlps 
Ootheca 
Bruchids 
Low Soil Fertility 
Low 5011 N 
Low 5011 P 
Low 5011 K 
Low Exchangeable bases 
AI/Mn T oxicity 
FeIP Fixatlon 
50il Moisture deficits 
Early Season 
Med Season 
Late 5eason 
Hectares 
2567 
619 
1782 
286 
260 
490 
190 
607 
772 
613 
1581 
200 
200 
174 
2015 
1667 
110 
296 
306 
257 
75 
594 
452 
Hígh Importanee is índícated by > 300 kglha los5 in yield potential. 
(% area) 
67 
17 
47 
8 
7 
13 
7 
18 
22 
18 
46 
6 
6 
5 
53 
44 
3 
8 
8 
6 
2 
15 
12 
Estimates generally exclude bean productlon 01 West Afríea (approx 100,000 ha), and occasionally other 
areas where ínformatlon ís lacking. 
Adapted Irom Wortmann and Allen (1994), 
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Controllosses to foliar diseases, root rots, and insecf pests 
• Sources of resistance to the main foliar diseases (anthracnose, bacterial blight, angular 
leafspol, rusl and BCMV) are now available from CIAT and NARS breeding programs 
lo develop multiple disease resistant varietíes. Progress is expected to be rapid in many 
cases, especially in the improvement of local varieties. 
• Roots rots are becoming increasingly more destructive in intensively cul!ivated 
low-fertilily soils of Kenya and Rwanda, and in other regions as well. Roo! rOls present 
a more difficult problem lo control as severa I different species of fungi are usually 
involved. A series of lines selected from ClAT breeding populations in Zaire and 
Rwandan have been shown to be highly tolerant to roo! rots. Integrated crop 
management practice consisting of moderately tolerant varieties with appropriate 
cultural practices are being tested on-farm to control these diseases. 
• High levels of seed resistance to bruchids weevils has recenlly become available in 
commercial bean types. The resistance is a simply inherited dominant gene thal can 
be rapidly backcrossed into local varieties. In the meanwhile, a simple mechanical 
method of controlling bruchid infestation in sacks of sto red beans has been developed 
by a Tanzanian student at Michigan State University. This technology needs immediate 
verification wilh farmers, and if successful, it should be easily adopted. 
• Sources of tolerance to bean slem maggot (bean fly) have been identified in Ethiopia 
and Burundi from germplasm distributed by CIA T and the Bean Stem Maggot Working 
Group. These new resistance sources were recently crossed into acceptable grain types 
at ClAT, and segregating materials returned to Africa for selection. 
Intensify cropping systems that include beans 
• Beans, being quick growing and shade toleranl, are commonly used by farmers in 
inter-cropping systems. A grea! potential exists in much of the African highlands to 
increase the overall productivity of the bananalbean cropping system through use of 
climbing cultivars. Other systems being tested are double cropping with rice in Ihe dry 
sea son in Madagascar; extending sugarcane/bean inter-cropping expertise from 
Mauritius to other countries; and for introducíng new bean cultivars into maize 
monocrops in Ethiopia. 
• Successes already achieved through introducíng ímproved climbíng beans into areas 
where these types are not traditionally grown, can be extended to other regions in 
Africa. Selection of climbers for earlier maturity, for which variability already exisls, 
would further extend their range oi adaptation. 
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• Improved methods for tillage and weed control are required, particularly to raise the 
labor productívíty in extensíve systems. On-farm testíng of a minimum tíllage systems 
is in progress in Kenya. An inexpensive ox-drawn lie ridger and seeder whích would 
permit mechanical control of weeds in Ethíopia is al so entering on-farm tests; recent 
research to identífy varieties that compete well with weeds ís helping bean breeders. 
Accelerate technology transfer through improved seed systems 
• Formal seed systems in all member countries are proving (now that new varieties are 
flowíng from researchl to be slow, expensive or simply unable to supply bean seed lo 
farmers. The problems are particularly acute in the case of beans beca use scale and 
profil margins are reduced by the crop's true-breeding nature, by the subsistence nature 
of some of the production, by the low multiplicatíon rates, and by farmers' preferences 
for a range of grain types often grown in mixtures. 
• Work in Rwanda, Uganda, and more recenlly in Tanzania and Malawi has 
demonstrated lhat new bean varieties can be disseminated at very low cost through 
non-formal channels. Prior to the civil war in Rwanda, several hundred thousand 
farmers were growíng the new variety, Umubano, and several other bean varieties 
were also being adopted as a result of farmer-to-farmer dissemination systems. In 
Uganda, 64% of collaborators in on-farm tríals passed on seed of new varieties to 
others, half of them being inhabitants of other villages. Several NGOs and 
development projects have now accepted the role of multiplying and disseminating 
varieties proven with farmers. These seed distribution approaches need lo be 
followed-up and demonstrated in other countries. 
Improve socioeconomic relevance of research 
• Considerable advances in socioeconomic studies have been made by nalional 
programs as a result of fiheen diagnostic surveys undertaken in seven network 
countries. There is also increased feedback to research on new technologies from the 
much increased participatory research with farmers. Regional planning workshops and 
the development of national research strategies in the larger countries help reduce 
research duplication and inefficíencíes. A specíal opportunity now exists to extend 
farmer-particípatory research methods developed by CIAT to Anglophone countries in 
Africa. 
• Traders are important members of bean commercialization. They qUíckly dístribute a 
few commercíal varíelies, bul as they are risk adverse, they can also restríct diffusion 
of new varieties that could be acceptable lo consumers. Greater involvement of traders 
in promotion of new varieties and increased competition among traders as new markets 
open, could help reduce this barrier to variety acceptation. Increasing cross-border 
trade opportunities may also provide new markels for farmers lo sell their produce. 
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Increase benefits for women farmers 
• It is expected tha! the yield advantage of improved varieties will benefit the lives of 
women in their capacities as principal bean farmers and home managers. As women 
traditionally market beans in some African countries (Due, 1985; Robertson, 1995), 
there is less risk of converting a "woman's crop" to a "man's crop" as yield potential 
and market value of the crop ¡ncrease. However, household level impact studies are 
needed to investigate implications of increased yield on labor intensification, gender 
division of labor, control over income from bean marketing, and how these aspects in 
turn affect household welfare and food security. 
• After land, labor is a farmer's principal investment in bean productíon. In most areas, 
except northern Sudan and northem and central Ethiopia, women provide the majority 
of labor in bean production - for example, women consistently contribute a greater 
share of time to the production of beans than to maize across three very different 
farming systems in Tanzania, and do so in all farm operations. Aggravating the 
demands on women's time is the fírewood requirement for cooking beans (which takes 
up to 3 hours in Rwanda). For this reason, short cooking time and long retentíon of 
flavor after cooking are varietal attributes commonly sought by women, who are 
normally responsible for selecting planting seed. 
• The role of women in maintaining genetic diversíty is evident from naming of varieties, 
recognition of new bean types, the large number of varieties maintained, interest in 
acquiring new varieties, and seed selection criteria which often place culinary qualities 
second only to yield (Ferguson and Specher, 1987). Since bean varíeties grown in 
Afríca originated from a small part of the genetic diversity occurring in the crop's latín 
American home, the liberal approach to variety development advocated here offers the 
prospect of maintaining (in some countries, even increasing) genetic diversity on farms. 
Environmental aspects of bean technology development 
• As beans are typically slower to cook than other foods with which they are often mixed 
in the pot, this component of the diet generally determines the amount of fuel required. 
In the case of traditional varieties, up to 7 kg of firewood are needed per kilogram of 
beans. Introducing varieties with shorter cooking time, and/or flue-efficient stoves, 
would therefore have an immediate effect on rates of deforestation. While this project 
has no comparative advantage in stove development, considerable genetic variation 
for cooking time in beans is available and most national programs already inelude this 
characteristic in routine evaluation procedures. 
• As a quick-maturing (3-monthl crop, beans offer an ideal complement lo maize, 
bananas, and other carbohydrate staples in both traditional and intensified cropping 
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systems. Early ground cover by beans minimizes soil exposure and consequenlly 50il 
los5es from erosiono In eastern Zaire, bean weeds stimulated by the flush of soil 
nitrogen following the onset of rains, are cut, stored, and applied later lo coffee or 
banana crops (Fairhead, 1987); examples of indigenous knowledge of this kind are 
learned from farmers through participatory research and appl ied to the development 
of sustainable, but more productive systems. 
• The introduction of high-yielding climbing beans is providing an incentive lo farmers 
to use agroforestry-based systems which offer low-cosl soil conservalion in the medium 
term but are labor-intensive in the short term, The project works wilh several NGOs 
and AFRENA interested in promoting agroforeslry by association with climbing beans, 
which can double average bean yields if staked. 
• Currently, little fertilizer is applied directly lo bean crops. Increasing Ihis amount is 
economically desirable, but problems with excessive use and fertilizer run-off need to 
be avoided. I ntroducing varieties that are efficíent at utilizing soil nutrienls would assist 
bolh objectives by increasing Ihe rate of response to relatively 5mall fertilizer 
applications, as well as improving levels of subsistence production by those unable to 
afford any ferti lizer. In particular, improved nitrogen-fixing bean varieties would 
enable good yields to be obtained from applications of rock phosphorus fertilizer 
(immobile in the soil and hence non-contaminating of water sources), while 
minimizing need for addition of inorganic nitrogen fertilizer. 
• While pesticides are rarely used in dry bean production in Africa, and are unlikely to 
be increased as a result of this project, the production of snap beans currently involves 
an excessive number of applications (up to 12 per season in Kenyal and al50 
inappropriate use of insecticides and fungicides. Sub-project research aims to develop 
integrated pest management OPM) methods for these farmers, based on the elimination 
of pesticides in cases where pest-resistant varieties are available; reduced applications 
of chemicals ¡hat are less harmful to ¡he environment where pesticides are still 
necessary; and promotion of IPM principies among extension workers. 
• CIAT and this project expect to be an active partner with ICRAF, other IARCs and 
commodity networks, and NGOs in the Africa Highlands Initiative. This consortium of 
institutions is taking a more integrated approach to tackling the dual problems of 
dedining productivity and increasing environmental degradation of the Eastern Africa 
Highlands. Current priorities are: maintaining soil productivity, developing IPM 
approaches to pest problems aggravated by crop intensification, and more detailed 
diagnosis of the complex problems of the densely populated highlands. 
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2.2 Strengthening National Research Capacity 
Prior lo the slart-up of the regional networks, the NARS lacked conlinuity, focus, access lo 
information, and were largely confined lo on-station research. There was liule recognition of 
the importance of women as primary bean farmers or ínvolvement of farmers in participatory 
research. Today Ihere still exists considerable differences among NARS for bean research 
capacily: relatively large programs exist in Ethiopía, Kenya, Tanzania, Uganda, and South 
Africa, however, many researchers in these countries have only a firsl degree. 
Kenya, Rwanda, Uganda, and Malawi consider research on beans lo be among lhe top two 
priority food crops, and Tanzania places beans among a sel of food security crops Ihat are 
ranked second only lo research in Iraditional export crops. In a 1995 priority setting exercise 
conducled by ASARECA and its member countries, beans were ranked number two among all 
crops. Yel, nalional budget allocations for agricultural research have decreased recently in real 
lerms in mosl countries in sub-Saharan Africa. 
Build national capacity to plan, manage, and budget research 
The ClAT network approach toward building national research capacity focusses on four 
principal opportunities: 
• improved setting of prioritie5 
• specialization with agreed division of responsibilities 
• information sharing and scientific accountability al the regional level 
• regional training activities adapted lo more specialized modes of operation 
Improved settjng of prioritjes: Six bean producing counlrie5 have developed nalional 
stralegies for bean research and developmenl: Ethiopia, Kenya, Tanzania, Uganda, Malawi, 
and Zambia. These strategies aim lo focus limited resources on the most importan! and 
promising technical opportunities and lo share research responsibilities among nalional 
instilutions according lo Ihe comparative advantages of each one. Regional priorities have also 
been established by mean s of participatory planning by objectives (PPO). CIAT believes thal 
this methodology encourages wider participatíon by nalional researchers and others in the 
planning process and al50 encourages a greater sense of commilment, and ownership by Ihe 
national programs for Ihe research agenda and oulputs. The participatory planning exercise 
also encourages a better balanced research portfolio, with increased attenlion given 10 soil 
fertilily maintenance and socioeconomic opportunities. 
Research specialjzatiQn: Limited resources can be utilized more efficiently by an agreed 
division of responsibilities and effort among countries on the basis o( regional priorities and 
national comparative advantages for addressing them. Planning for specialization ensures 
better focus on the most importan! research opportunities, enables each topic to be 
investigated more thoroughly and increases Ihe potential impact of each innovation. This 
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principie has been fundamental to CIA T's stralegy and operations in Africa 5ince p051ing ils 
first 51aff member lo Rwanda in 1984. 
The foundation of the regional bean networks will continue to be coHaborative research 
subprojects, by which the more experienced national scientísts specialize in complementary 
areas of research of high priority to a region. Specialized topics cover biotic stress es, abiotic 
stress es, socio-economic constraints and marketing opportunities, on-farm and farmer 
participatory research, varietal development, integrated pest managemenl, and integrated crop 
and soil management (Table 4). Currently, over 90 regional subprojects are in operation. 
Advances in researeh have led to the identifícation of more stable sourees of resistanee, which 
are being used in NARS and ClAT in crossing programs. For example, the Ugandan-Ied 
subproject on bacterial blight now provides a crossíng service lo other countries, which submit 
varieties for improvement of this character. Duplication of erfort is also minimized as in 
Ethiopia's decision to rely on ¡he Uganda subproject fer ils CSS resistan ce needs. Malawi is 
responsible for receiving ClAT introductions and multiplying the seed for subsequenl 
distribution throughout southern Africa. 
In most priority research areas, the development of new technology is further advanced Ihan 
eould have been expected if each country had worked independently. In 1988 (only two years 
after network start-upJ Uganda released ils firsl new variely in 20 years from a Rwandan entry 
inlroduced in a nelwork trial; Rwanda borrowed a control treatment for bean slem maggot 
from Surundi and proceeded directly to on-farm testíng and release, circumventing the normal 
period needed for on-station development. Climbing bean lines originaUy tesled and released 
in Rwanda are in on-farm trials in western Kenya and Malawi. 
Information sharing and scientifjc accoyntabiljty: Prior to the establishment of the networks, 
bean researehers from member countries rarely met, if at all. Regular interaction among NARS 
researchers is now possible through problem-focussed working groups, multidiseiplinary 
workshops, and field monitoring tours; the lalter are usually organized around research 
subprojects. Peer group evaluation of network researeh takes place in all three types of 
meetings. 
Annual interdisciplinary workshops and planning meetings have been held in the Great Lakes 
Region since 1985, only being disrupted by recent civil strife. In eastern Africa, regional 
workshops were initiated in 1987, and eontinues to be held every third year. A series of 
pan-Africa workshops focussing on discrete themes in bean improvement has been developed 
lo review the body of knowledge and to coordinate strategies on a series of topies, such as: 
bean stem maggot and other insect pests; bean diseases; breeding and varíety development; 
drought; soil fertility in bean cropping systems; biological nitrogen fixation; farmer 
partícipatory methods in varíetal development, etc. Twenty four published proceedings from 
the workshops have been widely dístributed. These activities will contínue in their present 
format, easily aeeommodatíng evolution in technical priorities and breakthroughs. 
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Table 4. Regional bean subprojeds in Africa (1993-1994) 
Priority Number of Subprojects 
Research Areas ECABREN 1 SAOC2 Total 
B iotie Stresses 22 11 33 
Abiotic Stresses 15 5 20 
IPM 9 1 10 
ICMlSocio-Economics 28 1 29 
Tolal 74 18 92 
, Ineludes RESAPAC and EABRN. Mast subproiects in Rwanda are hahed at tnis time. 
l Number 01 subprojects declinad significantly afier CIDA lunding to SADC was withdrawn in 1993. 
The networks also enable lechnical inpul from ClAT lo be more efficiently delivered, A CIAT 
specialisl in each major discipline interads wilh nalional colleagues in several NARS, provides 
training and carríes out difficult or pilot-scale collaborative research that can benefit a whole 
region or regions. The Ugandan-based regional breeder, for example, has developed adapted 
breeding malerial with resistance to an African race of BCMV to supply lo national programs 
through out Africa; the regional agronomist conduds pilol research on sustainable approaches 
to soil fertility in Uganda, Kenya, Tanzania, and more recently in Malawi; Ihe regional 
economisl supports emergenl nalional research on seed disseminalion melhods. 
Transfer oí skills throush trajnjng: More Ihan thirty key scientists, mostly in bean breeding 
and crop protedion, have received specialized training of 2 lo 3 months at CIAT-HQ. More 
than 500 national program participants are benefiting trom numerous locally organized 
courses on agronomie research methods; experimental design, analysis and use of computer 
packages; on-farm research methods for extension staff; training for research technicians in 
field techniques; and economics methods. Several of these short courses were conducted in 
collaboration wilh other research centers, partieularly CIMMYT and liTA on topics relaled lo 
farming systems and grain legumes in general. Scholarships have been provided through the 
network for 15 bean researchers to undertake postgraduate sludies - several of these scienlists 
are now well placed lo take on regionalleadership in their fields of specializalion. 
CIAT's role in network strengthening 
CIAT has been successful in its objective to institutionalize Ihe regional research network 
model within Africa. By 1966, al! three of the original bean networks in Africa will have 
appointed a local coordinator to manage network activities. 
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Already, the NARS collectively make all decisions regarding the allocation of network funds 
through their Steering Committees (SC). These decisions are then reviewed and monitored by 
the Directors' Committees (DC). In 1992, the DC for Eastern and Central Africa, ASARECA, 
agreed that at least 25% of the nominal cost of each regional sub-project should be 
contributed by the lead NARS wilhin Ihis network. This proportion would increase over lime 
in recognilion of and in conformity with the priority given to beans by member countries. 
NARS also manage a large part of the expenditures approved by Ihe se. Funds for executing 
the subprojects were Iransferred by CIA T lo the collaborating institutions. Each subproject 
leader Ihen provides Ihe network SC with an annual financial report signed by both Ihe 
sub-project leader and the inslitution's financial manager; the signed subproject agreemenl 
provides for external audit upon request. Similarly, funds are allocated for most workshops and 
Iraining courses against a written work plan and budgel. 
CIAl staffiog in Africa: The firsl CIAT regional bean network in the Grea! Lakes Region began 
in 1984 with tour ClA T staff based in Rwanda. EABRN and SADC were begun in 1985 and 
1986, respectively, and other CIAT researchers were outposted lo Uganda, Ethiopia, and 
Tanzania to support these networks. By 1992, fourteen ClAT researchers (including a training 
officer) were providing coordination and collaborative research support lo Ihree African bean 
networks. 
In 1993, ClDA withdrew ils funding from the SADC network and CIAT cul back Ihe number 
of research positions working in that region and devolved coordination of the network lo Ihe 
region. By 1994, the coordinator of RESAPAC was al50 devolved to region, and the number 
of CIAT posilion in the Great Lakes Region was reduced. 
By Ihe start of PABRA in 1996, CIAT will have seven researchers in Africa. In PABRA, CIATs 
responsibilities shift toward strategic research activities and network research supporl: less 
effort will be devoted lo national program strengthening and coordination activities. By 1998, 
two further ClAT positions will be phased out. As (ive C/A T researchers is be/ow the mínimum 
crítical mass needed to support Pan-A frica bean research activities, CJA T hopes lo be able 10 
attracl new donors to PABRA. 
Gender analysis in CIA T's research strategy ior Africa 
At the policy level, an underlying concem behind CIA 1's efforts to encourage NARS to adopt 
a multiple variety release stralegy is meeting Ihe multiple and diverse needs of farmers, 
specifically the disadvantaged, which includes the poorest subsistence-oriented farmers who 
tend to be, for the mosl part, women. 
Gender analysis is crucial in five areas of research undertaken by CIATs regional social 
scientist in collaboration with NARS, NGOs, and local extensíon agencies. 
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1. Gender sensitive diagnosis: 
Gender-sensitive data gatheri ng techn iques are used to ensure ¡hat the differenl conceros, 
priorities, and interests of men and women, and other categories of bean producers are 
represented. These indude: wealth ranking and survey sampling (use of stratifjed sampling to 
indude different income/wealth categories and female headed households); other participatory 
rural appraisal (PRA) techniques; and focus groups (e.g. for investigating the importance of 
fuelwood problems in relation to bean consumption). 
2. Gender sensitive technoJogy deveJopment and testing 
Selection of trial farmers: The importance of considering socio-economic characteristics, such 
as wealth, gender of the head of household, market orientation etc., in the selection of trial 
farmers is stressed when the trials are designed and when regional subproject funds are 
assigned. 
Recent studies designed in collaboration wilh the Malawi National Sean Program test both 
researcher-designed and farmer-designed varietal trials; the objective of the latter being the 
collection of acceptability data for the new technologies. In the absence of a specified Irial 
design, it is expected that farmers wí 11 grow tesl varieties in the way they normally grow 
beans and hence will be able to provide researchers wíth more reliable evaluations (i.e. 
unbiased by the trial design). For example, in farmer designed Iríais, farmers are allowed lo 
harvest fresh bean pods and leaves, which may play an important role in the {ood security 
stralegy of women and poorer households. In short, farmer designed trials are expected to 
replicate farmers' own forms of experimentation. 
3. Ensuring women's roles in seed production and germplasm conservation 
Since 1994 CIAT's social scientist has worked with 4 groups (3 women's groups and one 
mixed group) to establish small-scale artisan bean seed enterprises. These enterprises are 
proposed to address two issues affecting bean productivity in Eastern and Southern Africa: the 
development of alternative systems for supplying seed of improved bean varieties to small-
scale farmers and involving farmers in maintaininglincreasing genetic diversity of beans in situ. 
Farmer involvement in the production and distribution of bean seed is likely to have several 
advantages over formal seed production: lower cost of production, the likelihood of timely 
seed delivery, the selection by farmers themselves of varieties for multiplication in accordance 
with local preferences, and the maintenance or improvement of genetic diversity through the 
dissemination of improved as well as local varieties. The less structured nature of farmer seed 
production may also mean that traditional means of exchanging seed (e.g. in-kind exchange, 
labor exchange) could be employed, with the result that the poorest farmers may benefit from 
introduced varieties. Small-scale farmer seed enterprises are also likely to have a spin-off effect 
on income generation and small enterprise building capacity by women farmers, the group 
most in need of diversified small-scale income generating opportunities. 
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4. Ensuríng women's access to seed of new bean varieties 
Action research on informal seed díssemination channels has included a gender components 
in terms of the use of women's groups and health clínics as seed delivery points and in the sex 
desegregation of data on seed buyers. In 1994, seed of Iwo new bean varieties was given lO 
3 women's groups and one health cliníc in Uganda. Secause of high female participation in 
social groups in East Afríca, and since women spend considerable periods of time attendíng 
to the health needs of their children and themselves, it was fel! that both institutions constitute 
logical distribution outlets for seed of new bean varieties. In the clinic context, the majority 
of sales were made from matemity dinics and most purchases were made by women. By 
contrast, sale of seed through rural markets and shops in Uganda revealed that most (over 
50%) purchases through those outlets are made by men due lo the high participation of 
Uganda men in trade and their greater freedom relative to women to travel away from home. 
NGOs and the exlension system (ie. sale of seed by extension agents in markets) are also 
investigated as altemative dissemination channels. 
5. Gender sensitive adoption and impact studies 
Data collection approaches used in adoption and impact studies are designed to capture 
gender differences in adoption rates and pattems and the possible differential impact of new 
lechnology on men and women wilh regard lo the gender division of labor, labor input, 
absolute ineome, control of income, householdlindividual nutritional status, organizatíon of 
produetion etc. These approaehes indude: participatory impact assessment and social impact 
assessment. 
Gender analysis in trainin¡; NARS scientists: Although specific eourses on gender analysis or 
skills have not been conducted within Africa, the CIAT Sean Program has always incorporated 
the expertise of the Regional Social Scientist in formal and informal training events. Specific 
topies eovered in this regard indude gender eonsiderations in seleeting trial farmers, survey 
sample seleetion, and desegregation of adoption and impact data by sexo 
CIA! staff wjtb ¡;ender skills: ClAT's soeio-economist based in Uganda, Dr. Soniia David, 
speeíalized in Gender and Development during her Ph.D. studies at the University of 
Wiseonsin-Madison. She also reeeived special training in this area at the Institute of 
Development Studies, U.K. At CIAT-HQ, the Gender Committee has reeently been 
reactivated with the appointment of Dr. Joytee Smith, Economist, as the committee 
chairperson, and ¡he hiring of Dr. jacqueline Ashby, Soeio-eeonomist, as a specialist in Farmer 
Participatory Teehniques . The Leader of the Sean Program, Dr. Julia Komegay, is also a 
member of the Gender Committee. This committee has conducted Awareness Training 
Aetivities for ClA T staff, and developed a series of doeuments and training materials to help 
orient CIAT scientists and national program trainees in gender related issues. 
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Statjstics on jnvQlvement of women scientists in Eastero Africa Bean NetwQrk: 
Percentage of investigators crained in ClA T/Network short courses that were women: 25% 
Note: This frequency is higher than ¡hal of other commodity research programs in the 
region. While we have no control over Ihe numbers of women recruited by NARS, 
women scientists are relatively more numerous in bean research because the crop is 
known as one predominantly grown by women farmers. 
Percentage of sdentísts sponsored/supervised by e/A T/Bean Networks for doctora/swdies that 
were women: 75% 
Note: Thís is substantially higher than the frequency of women in the bean research 
community, and a major contribution lo the advancement of women in local research 
and leadership posilions. Also, every one of the women scienlists returned lo ¡heir 
country and job after study (unlike some of their male colleagues). 
Percentage of regional 5ub-projects leaders in EABRN who are women: 35% 
Note: This is a substantial higher frequency compared to the total number of women 
scientisls in the region and indicates that women are disproportionately 
aClivelsuccessful in research, and so recognized by their peers. 
Percentage of research and network managers who are women: 50% 
Note: This figure indicates the high degree of confidence shown by the NARS directors 
for women leaders. As these women also represent their countries on Network sleering 
committees, this represents a very unusual degree of women involvement in 
management. Furthermore, the Chairperson of the EABRN Steering Committee is a 
women. 
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2.3 Impact of Bean Research in Africa 
Technological dissemination 
Yarjetal releases: Over 40 new bean varieties have been released by the nationa! programs 
in 14 countries throughout Africa since 1984 when CIAT began work in Africa. Nineteen of 
the varieties were direct releases of CIAT breeding lines developed at HQ, another 23 varietíes 
were selected (rom CIAT introductions (e.g. germplasm and breeding lines from other 
countries in Latin Americal. 
In Rwanda, Zaire, Burundi, Uganda, and Kenya, the introduction of ímproved climbing beans 
and dimbing bean production technology is being rapidly adopted by farmers. These new 
materials represent a unique set of genetic díversity that was not available in Africa prior to 
1984. The lines are liked by farmers because of their greater yield potential and disease 
resistance, and their highly favorable cul inary qualities. The introduction of Latín American 
dimbing beans made a significant impact on bean production before civil war erupted. An 
adoption survey conducted in 1992 showed that 43% of Rwandan bean farmers (480,000-
500,000 householdsl were growing the improved climbing beans on 17% (approximately 
15,600 ha) of the total nationwide bean production area. This new technology produced an 
additional 50 thousand tons of beans, depending on the region, equivalent to an extra $12 
million dollars income for Rwandan farmers (Sperling, 1993, CIAT Bean Program Annual 
Report, 1993). 
A recent survey after the war conducted by the Seeds of Hope Initiative for Rwanda indicates 
that planting seed of the new climbing beans is scarce and that a concerted effort is needed 
to multiply seed of these materíals for redistríbution. Fortunately, seed of the improved 
climbers is available in southwest Uganda and westem Kenya where these new technologies 
are also rapidly being adopted. 
In addition to the improved climbing beans, other bean varieties with bush (or dwarf) 
architecture have also been released in various countries throughout sub-Saharan Africa. In 
Zambia, the variety Carioca is gown over a large area in the northern region. New bush 
varieties in Uganda, MCM 5001 (the first varíety released for resistance to the necrotic strains 
of BCMV) and CAL 96 (a large-seeded highly commercial grain type) will 500n be 5urveyed 
for their adoption by farmers. In Ethiopia, several CIAT lines have been released as "pea bean 
types" for canning and exportíng. These, and other new varíeties, will be evaluated tor their 
adoption and impact in different countries by the project. 
Sdentjfic knowle<!ge: CIA T's research collaboration with national program scientists has been 
highly successful in the increasing scientific knowledge about bean production and constraints 
in Africa. Prior to 1984, very little scientific or technical information was available. Since 
1989, over 25 scientific papers have been published in international refereed journals 
(Appendix 3). In addition, more than 200 proceedings from workshops and conferences, book 
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chapters, and reports have also been published by CIAT and the nalional programs. These 
papers represen! a significan! and very i mportanl slep forward in understanding bean 
production constraints in Africa and for orienting research to solve these problems. The papers 
also represent progress achieved by the national programs in developing their scienlific 
capacity to do quality research. 
Ten years of collaborative bean research in Africa have shown that research can make a 
difference. Yet, lo meet future bean demands in Africa even greater research effort is needed. 
Basic research to achieve scientific breakthroughs mus! be carried out lo solve some of the 
more recalcitrant, bul important production constraints; olher bean production problems are 
already well researched and now need more applied application of science with significant 
participation of farmers in lechnology testing. 
New technologjes developed by CIAT and NARS: A variely of new technologies in different 
stages of diffusion and adoplion are now available lo farmers in ECABREN and SADC 
networks (TABLE 5). 
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TABLE 5. 
Country 
ECABREN 
Ethíopia 
Kenya 
Madagasear 
Bean production and storage technologies developed in ECABREN and SADC member countries in collaboration 
with CIAT '. 
T echnologies widely recommended T echnologies available to farmers Very promising, new technologies' 
and used by farmers on restricted scale 2 
lnlroduced ClAT varíetíe,: Awa,h.l, Roba-1. Inlroduced CIAT varíetíes: A 262, A 4/0, Bruehid control by botanícal prooucts, and 
by resistant vanctíes. 
Broadeisl seedíng at high rale lor weed Intensífícatíon by broadeost íntercroppíng in 
suppression. maíze [Ríít, Western], Varíetíes tolerant lo stem maggo!. 
Seed dressing against bruehid, Varieties tolerant lo droughl [Riít & E, 
Ethiopia]. 
Alley cropping with Sesbanía. 
Intensified cropping wilh dimbing beans Inlroduced & locally bred ru'Hesíslant snap 
(Umubanol lrom Rwanda [W, Kenya], beans. 
Toleranee lo root rots and poor soi I by Several bred bean lines from University 01 
Rwanda varielies (Rwandarugalil [W. Kenya), Nairobi. 
Redueed tillage lor beans Integrated peS! managemenl for snap bedns. 
[Central Kenya], 
Bean samozas and otner loads. 
Inlrodueed varielies: GLP X92, G 13671, XAN Olher introduced lines. 
78. BTl3. G 2005. 
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• 
Country T echnologies widely recommended Technologies available lo farmers Very promising, new technologies 1 
and used by farmers on restricted scale 2 
Maurítius I"tensified toad productian by sugarcanelbean Bred varieties: A5R ¡ 27, ASR 159, Introduced lines: MCD 252, PAN 22, Ex-
inlercroppi ng Rico 23, V 5003. 
Pest, disease & weed control. 
Introduced varielies: Long Tom, leebus, 
Garooel 
Sudan Introduced lines. 
Tanzania Introduced varieties: Lyamungu 85 & 90 lotroduced varieties: EP4-4, SUA 90 [Iow- Imroduced varietics: G8864, PVA773 [mid-
[mid-alt], Uyole 84 & 90 [high-alt]. alt], PVAD ¡ 156 [mid-alt], Red K.3sukunyele, ah]. 
EAI 2525Ihigh-alt]. 
local variety: Ilomba [high-alt] IPM against stem maggot, using soillertility 
Bruchid management by tumblinglsun measures. 
Herbicidal weed control. dryinglash. 
Uganda Introduced CIA T varieties: CAL 96, MCM Introduced varieties: Rubona 5, OBA 1, Varieties resistant to labrores b,uchid. 
5001, RR 136. MCM 1015, MCM 200/. 
local selcelion: Whicc Haricot. low-cost grecn manuring with Crora/aria Varieties tolerant to high- manganese and to 
i ntercropping, low-P 50ils. 
Intensilied cropping with Umubano and other 
Rwandan climbers ¡W, & E, Uganda], 
Bruchid control by sieving o, tumbling, 
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Country Technologíes widely recommended T echnologies available to farmers Very promising, new technologies ' 
and used by farmers on restricted scale 2 
SADC 
Lesotho Introduced varieties: Hatold, Nodak ClAT breeding línes, and Malawi landraces 
Malawi local varieti." Chimbamba Introduced CIAT varieties: A344, A286 ClAT inttoductions: CAL 143, AI97 
Bred varielíes: Bunda 93 
Introduced CIA T varielies: Kalima (PVA 692) 
Mozambique local varielies: INIA-IO, Encarnado Introduced varielies: Diacol Calima, ICA CIAT inlroductions: ANO 628 
Introduced CIAT varieties: PVA 773 Pijao, INIA lambeze (local) 
South Aldea Many varieties of following Iypes: Speckled A few varietie, released 1993/94 Entries in 94/95 Na!. Varo Irials 
sugar, navy, brown/yellow haricot, Carioca 
$waziland Introduced ClAT varieties: BAT j 713, PVA Introduced variety: Puebla Caf. 
894, Cariaca 
lambía Introduced variety: Carioca Inlroduced CIAT varielíes: A j 97, PAT 10 Local cultivars: Slowezi Rose, ZPV 292 
Slem maggol control with insecticide seed 
dressing 
limbabwe Introduced varietíes: Ex-Rico 23, C20 Introduced varíety: H 1401-l2PE ClAT ínlroductíons: MCM 5001, PVA 
Cariaca 
Bruchíd control: silica dust and sun dryíng 
PI.nt population al sowíng 
~:' Informatíon from reports 01 natíonal programs, EABRN, RESAPAC, and ClAT Annual Reports. 
2 Varíously defined as restricted release, or in extensíve on-farm testíng by famner>. 
, Currently used in, or ready for, oo-farm testíng. 
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2.4 PABRA and the Africa Bean Networks 
The Pan-Africa Sean Research Alliance is dedicated lo developing technologies lo increase 
bean productivily in Africa in a sustainable manner. The Allianee eollaborates with all serious 
researeh and development efforts on common bean in Afriea t and makes freely available all 
germplasm and teehnologies developed wilhin its activities. CIAT provides the techníeal 
leadershíp for the Alliance t and works in close collaboration wilh national scientísts lo 
develop effeclive research outputs. 
PABRA steering committee 
Pan-Africa decisions concerníng bean research are made by Ihe PABRA Steering Committee 
(PABRA-SC). The PABRA-SC ís composed of the CIAT Pan-Africa Bean Coordínator who is also 
the coordinator of the committee; one representative from eaeh of the donors (including future 
new donors to the network); and the regíonal network coordinators. The PABRA-SC meets 
annually to discuss issues, new inílíatives, and research progress. 
The responsibilities of Ihe PABRA sleering committee are: 
• Develop new projects and atlraet other potenlíal donors to PABRA 
• Explore and catalyze inter-networkt ínter-IARC, and other ínitialives lo strenglhen 
bean research 
• Review eandídates for ClAT-HQ training 
• Review budgets and mid-term reports for the donors 
• Organíze PABRA external evaluatíons 
• Inform networks on up-eoming events 
• Arbitrale regional conflicts and differenees affecling network funclion 
Support to the Networks 
Within ¡he overall PABRA budgett funds are set aside lo support network activities. The newly 
merged network, ECABREN, encompassing the most importan! bean production areas of 
Africat will receive direct funding from PABRA to supports it research and network activities. 
ECABREN/ASARECA will submit a buy-in project proposal lo the PABRA steering committee. 
The PABRA steering committee t upon review of the ECABREN proposal and budget, will 
allocate funds lo support the work plan. A regional eoordinator for ECABREN will be 
employed 10 manage Ihe network. 
Other Africa bean networkst such as SADC t and non-network countríes such as Cameroon, 
also participate in PABRA. However, at presentt no network support funds are available lo 
support research activities in these regions. CIAT will work closely wilh SADC lo find financial 
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support for this network¡ but in the meanwhile¡ SADC will conlinue to receive lechnical 
assistance from CIA T. 
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CHAPTER 3 
PAN-AFRICA BEAN RESEARCH ALUANCE 
3.1 Project Goal, Purpose, and Outputs 
Project Goal: To improve food security, protein availability, and incomes of rural and urban 
populations in eastern, central, and southern African countries through the development of 
improved common bean technologies. 
Project Purpose: To increase the productivity and commercialization of common bean 
through adoption of sustainable production technologies developed in close collaboration 
wilh national research institutions and farmers. 
Project Outputs: 
1. Principal constrainls to increased bean productivity and yield stabi líty are overcome. 
2. Methodologies for more efficient transfer of improved bean technology to farmers are 
developed. 
3. Research capacity and effectiveness of national programs is enhanced. 
4. Sustainability of the regional networks is increased. 
S. Local and export market potential of dry and snap beans is exploited. 
3.2 Plan of Work 
Output 1: Principal constraints to increased bean productivity and yield stability are 
overcome. 
Activily 1.1: ¡ncrease yield and stability af African bean varieties 
• Bush and climbing beans are genelically improved through planl breeding for resislance 
lo Ihe principal biolic and abiolic constrainls limiling bean productivity in Africa, and for 
increased yield polential. Advanced breeding lines fram CIAT and some of the more 
advanced natianal programs are multiplied and distribuled throughout Africa in a series 
of tai lared n urseries. 
• Segregaling populalions and advanced lines containing novel saurces of resistance genes 
from research conducled at CIAT and collabaraling labarataries are made available far 
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testing in Africa. CIAT core resources and other complementary projects will finance basíc 
research activities in physiology, microbiology, bíotechnology, and gene modeling aimed 
to understand and exploit the bean genome. 
• ClA T provides on-the-job training support 10 national program breeders to increase their 
effectiveness in organizing and managing modern breeding programs. 
• ClA T entomologist and plant pathologist working with national breeders develop effective 
host plant resistance breeding strategies to control major ¡nsect and disease problems. 
Intensive effort is made to identify and íncrease resístance to the bean stem maggot. IPM 
techníques are al so developed to manage thís pes!. 
• Pathogen faces of bean diseases such as angular leafspot, anthracnose, halo blight, and 
bean common mosaíc virus are characterízed for their genetic diversity using 
epidemiological and biotechnological methods. Maps of pathogen diversity is used to 
deploy appropriate sources of stable resistance and to orient resistance breeding strategies. 
• Other diseases such as root rots are controlled through a combination of resistance and 
integrated crop management practices. 
• Highly specialized and long term research activities led by CIAT are designed to 
complement regional priorities and NARS-Ied subprojects. 
• CIAT socio-economisl provides training in farmer partícipatory research methods to NARS 
breeders, agronomists, and extensionísts 10 ensure that breeder selections conform with 
farmer requirements. 
Activity 1.2: Maintain and enhance germplasm diversity on-farm and in NARS breeding 
programs. 
• A more open approach 10 releasing and disseminating new varieties is supported by 
PABRA and the Directors Committees. In areas where mixtures predominate, farmers are 
offered a larger number of new varieties developed to meet a range of complementary 
requirements. Traders are encouraged to take advantage of new market potentials for new 
varieties. 
• Varietal-use assessments and adoption study methodologies are fine tuned for specific 
cropping systems O.e. mixtures of varieties are commonly grown in Rwanda, Zaire and 
Malawi; maizelbean intercrops predominate in Kenya and parts of Tanzania). 
• CIAT and NARS socío-economisls test ínnovative melhods lo assess the ímpact of varíetal 
improvement research on bean productivity. 
• Germplasm collections are standardized usíng established IPGRI recommendations. 
Collections are stored in bottles containing silica gel for greater medium-term storage 
potential. 
Activity 1.3: Intensify and sustain production systems for both high potential and fragile 
environments 
• Identify high-potential areas in each country where climbing bean technology can be 
transferred. 
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• Develop low-cost prototype crop management techniques. CIAT agronomist coordinates 
the Plant Nutrition Working Group of national scientists to screen germplasm for efficiency 
of nutrient use, and assists natíonal programs in inslitutionalízing effective, low-cost 
approaches to on-farm soil fertility diagnosis and experimenlation. An example 
of the latter will be farmer participatory testing of intercropping systems with Crota/aria 
and other promising green manure crops. 
• 50il produclivity and nutrient eycling researeh are used to develop more suslainable soil 
management systems. 
Output 2: Methodologies for more efficient transfer of improved bean teehnologies to 
farmers are developed. 
Activity 2.1: ¡ncrease participation of farmers in on-farm and on-stalion technology 
evaluation 
• low-eost parlicipatory methods that enable farmers to contribute aetively to teehnology 
design and evaluation are adapted for Anglophone eountries by the CIA T 50cio-eeonomist. 
National programs are assisted lo apply these teehniques in new situatíons. Resulls are 
dísseminated in regional meetings. 
• The effect of new technologies on women and ehí Idren will be assessed in adoption and 
impae! studies. 5peeial assessment of gender related issues are included in the design of 
on-farm and farmer participatory Iríais. 
• Non-formal technology promotion methods and dissemination sehemes, such as women 
groups, clinics, and local dancing teams, are tested for their effeetiveness in reaehing 
farmers. 
Activity 2.2: Improve nationallinks between research and exlension 
• NARS are assisted organize review meetíngs on bean research and lo invite participation 
of extension organizations induding NGOs in refining national and inter-inslitulional 
strategies. Extension organizations are encouraged to invite research representatives lo 
their planning meetings and lo lake joinl responsibility for farmer-managed on-farm Iríais. 
ClAT and NARS provide training for extensionists in on-farm and farmer participalory 
research methods where needed. 
Activity 2.3: Develop improved seed systems to accelerate transfer of new varieties 
• CIAT breeders assist national programs in planning the multiplication of basic seed of new 
varieties to ensure adequate initial supply. CIAT Socio-economist and agronomist work 
with national programs to assure that this seed is systematically distríbuted to farmers 
through a network of on-farm tríals. 
• ClA T Socio-eeonomist assesses formal and informal seed díssemination systems ín Africa 
and elsewhere and encourages natíonal systems to adopt more appropriate approaches 
30 
where needed. Recent successes in Rwanda in dissemination seed through market Iraders, 
NGOs, and among farmers is one possíble model for adaptatíon ín other regions. 
NARS·led sub·projects develop case studies for specífíc situations. 
Activity 2.4: Acce/erate transfer of new technologies among member countries 
• Specialist Working Groups review and compare performance of new technologies and 
research methods across countries. 
• Workshop proceedings are published in the CIAT African Workshop series. Other 
opportunitíes that encourage information/technology dissemination are the CIAT African 
Working Paper series, and traveling workshop/monitoring tours. 
Output 3: Research capacity and effectiveness of nalional programs is enhanced. 
AClívity 3.1: Train and assist national program staff in participatory and on-farm research 
• Nalional programs, already involved ín on·farm research on beans, are assisted by mean s 
of formal and on-the-job trainíng and travel íng workshops to develop partnership wíth 
farmers. CIA T socio-economíst and agronomist work wíth national programs, NGOs and 
other development groups in testíng and refining farmer participatory research 
methodologies and Iransfer of technologies. 
Activity 3.2: Improve national research planning 
• ECABREN conducted a national research planning review ín 1995 to refine its bean 
research and development strategies and príorities. Feedback ineludes increased 
participation of farmers and revision of the technical advances already achieved. 
• PPO methodology is routinely used bolh formally and informally in planning activities, 
workshops, and reviews. 
Activity 3.3: Pro vide specialized training for bean researchers 
• Biannually, senior researchers from Ihe networks visil CIAT-HQ for 1-2 month periods. The 
objective of the visit is 10 expose researchers 10 the lalest in scientific methodologies and 
techniques, new germplasm and sources of resistance, and to interact with the other Bean 
Program scientists working in Latin America. 
• CIAT scientists participate in regional and pan-Afríca Irainíng events. Training for 
technician staff carried out by national program scientists. 
• Network workshops are held annually in different counlries to review and exchange 
information in particular research areas. 
Activity 3.4: Develop and apply more cost-effective methods for bean research 
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• CIAT Socio-economist conducls collaborative research with selected national programs to 
refine techniques thal minimize costs of attaining adequate farmer participalion in researeh 
validation. 
• Studies to improved extrapolation of soil fertility researeh from pilol village sites lo other 
regions are led by Ihe CIAT soil fertility agronomist. 
• Modeling and computer-assisted mapping techniques are used, partly in collaboration with 
other regional and international organizations and ClA T-HQ, to chose sites and predict 
results. 
• CIAT breeders assist nalional programs to idenlífy lhe critical sites for mullí location tríals 
and hOlspot evaluations, lhus minimizing operalional costs. 
• Transfer of cost-saving techniques to NARS is achieved through in-serviee training, regional 
workshops, and in the planning and design of researeh sub-projects. 
Activity 3.5: Deve/op new varieties adapted to regional and national priorities 
• National program breeders become more adept al making eros ses and evaluating 
segregating populations. The eros ses are tailored lo incorporate new sources of resistance 
supplied by CIA Tinto local varieties having commercial grain types. 
• CIAT breeders assist national programs lo avoid unnecessary duplication in the generation 
of new materials adapled to lhe region and assure that the sources of resistanee needed by 
the national breeders are available and well characterized. 
Aetivity 3.6: Monitor, assess, and repor! impac! oi research 
• National program eoordinalors are responsible for reporting and assessing in-country 
aclivities of lhe network, while the Director Committees evaluate Ihe overall slrenglh of 
the nalional programs lhrough use of Iransparent and objective criteria. 
• National economists, wherever available, supported by the ClAT Socio-economist, eonduct 
adoptionfímpact surveys in PABRA member countries. Survey size usually involves 
between 1 00-150 farms. 
• A database is developed at national and regional levels to record germplasm evaluation 
seo res and advanced line pedigrees, socioeconomic data from adoption and impact 
studies, and other research results. National programs are responsible for periodic update 
of lhe database. 
Output 4: Sustainability of the regional networks is increased. 
Activity 4.1: ¡n crease NARS management of the network 
• CIA T relínquishes all network coordination activities to locally recruiled regional 
coordinators and regional steering committees. 
• National and regional planning activities are earried out using the PPO methodology lo 
revise and update research priorities and activities. 
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• Steering committees receive, evaluate, and assign funds for research subprojects. 
Subprojects enhance sustainability of the networks by catalyzing problem sharing across 
national boundaries, encourages regionalleadership, and minimizes duplication of efforts. 
NARS contribute funds to the costs of each subproject. 
• Network steering committees make decisions concerning regional workshop and training 
events lo be held and the partieipants attending eaeh event. 
• ASARECA and other Director Cornmittees provide poliey and polítical support lo NARS 
research activities. 
Activity 4.2: Enhance technical coordinaríon by NARS 
• Technicalleadership to NARS is provided by six specialized Working Groups which advise 
Steering Cornmittees on research needs and progress in the bean networks. Several 
Working Groups include members from other relevant international organizations (e.g. 
CIMMYT, ICRAF and TSBF are involved in the Soil Fertility Management in Cropping 
Systerns Working Group of the Eastern Africa Highlands). 
• The Steering Committees encourage experienced national researchers with successful 
regional sub-projects lo become active regional leaders, eventually taking over some 
functions of CIA T scienlisls. '; 
Activity 4.3: Implement regional research that minimizes duplication of effort 
• National institutions conduct regional research based on regional priorities established by 
the se. Resources for this research are provided by the NARS and the projecl. CIA T 
provides technical support, as well as conducts strategic research to develop materials and 
methods to backstop regional research (refer to AClivities 1.1 - 1.3 aboye). 
Activity 4.4: Speed transfer of research results among national ínstitutions 
• New breeding línes and promising germplasm are regularly exchanged among NARS 
through regional nurseries and by CIA T breeders. Sub-project results receive wide 
dissemination throughout the Sleering Committee and regional workshops, and particularly 
in the problem-focussed Working Group meetings. 
Aclivity 4.5: Provide cost-effective coordination and auditing 
• ECABREN regional coordinator maintains a small oífice lo execute the decisions of the 
regional SC, organize regional training events and workshops, disburse sub-project funds, 
prepare budget and quarterly reports for the OC and PABRA coordinator. 
• The PABRA coordinator is a member of the regional steering committees as well as the 
coordinator of the PABRA Steering Committee. The responsibilities of the PABRA 
coordinator inelude coordination of ClAT-lead activities and inforrnation exchange, 
disbursemenl of specified funds for so me regional research activities, preparation of reports 
33 
for donors, organize formal and informal project evaluations in collaboration with the 
regional coordinators. The PABRA coordinator is responsible for CIAT-Ied research and 
linkages with NARS. 
• CIAT makes available to the networks an accounting software package to serve as a 
financial management tool for ¡he networks. 
Qutput 5: local and export market potential of dry and snap beans is exploíted. 
Activity 5.1: Identífy fuli range of consumer preferences 
• CIAT Socio-economist work with national programs to adapt and apply low-cost 
particípatory methods to identify the full range of consumer preferences for bean grain 
types. Breeders incorporate consumer preferences as selectíon criteria early in their 
breeding programs. 
• Pilot feasibility studies in two countries assess new urban consumer food products that use 
beans in their redpes as a means of gaining greater added value and for diversifying 
markets for high yielding, but non-commercial small seeded varieties. 
Activity 5.2: Reduce post-harvest 105se5 10 bruchíd p~IS 
• A NARS-Ied research sub-project provides a crossing service for other countrles in the 
incorporation of a bruchid-resistance gene into local varieties. Resistant germplasm 
developed at CIAT-HQ will be provided, as well as training in screening methods. Simple 
seed management techniques for bruchid control are more wídely defused. 
Activity 5.3: Assess export market opportunitíes 
• CIAT Socio-economist collaborates in the development of a NARS-Ied sub-project to assess 
opportunitíes for bean exports. Part of thís research would ínvolve assessing the existíng 
informal trade in beans across national borders. 
• Integrated pes! management and genetic studies on snap beans to reduce pestícide use and 
pestidde residues on high value snap bean exports in Kenya and other potential exporter 
countries. 
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Work Breakdown Structure linking Project Activities lo Project Outputs 
Program Goal 
To improve lood securilY, prolein availabilily, and incomes of rural and urban populations in eastern, 
central, and soutnern Aldean countries through the development 01 improved bean teclmologies. 
r Project Purpose 
To increase the productivity and commercíalization of common bean through adoption 01 sustainable production lechnologies 
developed in close collaboration with national research institutions and {armers. 
Principal conslrainl. lo Melhodologies for more Research capadty and Sustainability 01 Ihe 
increased bean productivily and elfidenl Iransler 01 improved eflecliveness 01 national regional networks is 
yield stabilily are overcome bean technologies lo larmers programs is enhanced increased 
are developed 
Local and export 
markel potential 01 dry 
and snap bean. are 
exploited 
Increase yield and stability of Aírican 
bean v3rietles 
¡ncrease partic:ipation oí farmers in on~ 
(arm and onooStation lechnology 
evalualjon 
T rain ana JssIst national program 5taft 
in participatory and on-íarm research 
Incredse NARS managemenf oi Jdentiíy tul! fJnge of 
Maiotain and enhance germplasm 
diversity oo-iarm and io NARS breeding 
programs 
Inrensify and StJst.lin production systems 
for high pO(ential aod fragile 
environments 
Improve nationallrnks between 
research and exteosion 
Develop Improved seed syslems to 
accelerate transfer oi new var¡eties 
Accelerate transfer oi new technologies 
among member cOl/nUi!?; 
Improve nalional fesearch p!anning 
Provide specializeC training for b&ln 
reseafChers 
Deveiop and apply more cost--effective 
methods for bean reseafch 
Oevelop npw varieties adapted lo 
regional and narional priorities 
Monitor, assess, and report impact of 
re!>earch 
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{he nelwork consumef preferences 
Enhance technical 
coordination by NARS 
Implement regional rE'~earch 
that minimizes duplkation of 
efiort 
Speed Iransfer of research 
resuhs among nattonal 
institutions 
Provide cosl-eíiective 
coordination and auditing 
RPduce posl·hat'Ves! losses to 
bruchid pests 
Assess e:M.port m.arket 
opportunilies 
logical Framework Matrix 
Narrative Summary Objectively Verifiable Indicators Means of Verification Critical Assumptions Beyond the 
Control of the Project 
~~ ~ 
Program Goal: 
To improve íooo 5ec-uríty, prote¡n 
availabili1Y, .lnd ¡ncomes oi rural.md urban 
populations in eastem, t:entral, (lod 
southern A{riean countries through lhe 
developmenl uf improved common bean 
technolQgies 
Program pUrpose: 
T o ¡ncrease the prOOuctivity and New bean varíet;es wifh resistann:-Io major Variety Adop'ion 51udles PABRA tundea toe 5 ye.::HS 
commerdalízalion uf common be.)n constraints are grown on 5% (app.100,OOO hal oi 
through adoption oi sustainable production total bean prOdU(1ion are .. dt end oí project poa$€'. Technology Impdct Srudies Counlnes art" polilkally stabli' 
recriOo!ogies developed in dO$+! farmer ¡ncomes, lhrougn marketing of new beao 
collaboration w¡th natiooal research varielies, incred~ by lO%', Improvoo nop Ndtiondl ¡;rogrdms confinue to work un bean!> and 
inslitutions,aod tarmers management pradices are adopted by 5% of lhe particlpdle in regional bedn network~ 
tarmer$ 
Environmental conditions are normal 
Oulpuls: 
L Principal {'onslraínts. to increased bedn 1 1 New varletíes resistant to principal biotic and 1.1 • Evaluat¡on dala from regional and pan- Environment.a! coodition'S permit adeq,uate disease 
proouctivíty and yield stability are abiotic constrajnts are released in 50% oi Atrica nurseríes evaluat¡ons 
avercome PABRA member (ountries. • Vartetal release bulletim 
Nafional program support breeding ei1·orts. through 
1.2 30% oi na1iooal programs have dt1¡ve bean 1.2 NARS Annual Report human dnd financí¿1 resources 
breeding pfograms and are making crosses 
U PfOceeding~ otWorkíng Group Meer¡ng!'. 
1.3 IPM lechniques developcd lar rool rots and ilod Regiondl Workshop; sdentiílc p,)pers 
bean stem maggol are adopted by 20% oí 
farmers in pilot sIudy oreas 1.4 Prúceedings oí Workiog Group Meetings 
.lnd Regional Worksnops; scientific papers 
1 A fpidemiological maps showing distribution of 
specific races of anthracnos.e dnd angui.1r leaf 1.5 Reports from adoption surveys 
spút pathogens are d~eloped far sub-Saharan 
Africa 1.6 On-farm researeh reports; sdp.ntltic papers 
1.s G€'rmp!asm divers¡ty is maintained on-farm 1,7 NARS Annual Reports 
through NARS S{rate'gy to nave muJtiple variety 
relp.ases in Uganda, Rwanda, Zaire, T anzania, 
andMalawL 
1.6 Managp.ment and improvem€nt oi sod 
proouC1lvity (MISP) 1echniques develoíX'd for 
soil organic matter and P aft> adoPled by 10"1" 
of tarmers in pilot 51udy í:lreas. 
1.7 Rcseart:n 00 BNF initiated throughout Afrka 
and new researen methodologies are adoPled 
by al! par!icipatiog national pfOgrdms. 
--_ .. 
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Narrative Summary Objectively Verifiable Indicators Means of Verification Critical Assumptions Beyond the 
Control of the Project 
2. Methodologtes lar more effident 2.1 50% of NARS use farmer participatory 2.1 NARS Annual Reports National program h,.we agronomists un their bean 
transíer oi improm bean technology melhods to develop and test new technologies Proceedings of Working Group Meeting teams 
lo farmer:; are developed in a routine mat1ner 
2.2 Technology fmpact Studies 
2.2. Impac1 of new technoiogies on women i$ 
Nationdl pohóe~ do 001 restrit1 !leed production 
determloed in dI! Technology Impact Studies 2.3 NARS Annu,,1 Report 
carried oul during Ihe projed phase 
2.3 Seed production of new varieties increases by 
50% over present level, in half of Ihe member 
couotries 
3. Research capacity and effediveness oí 3.1 Al! PABRA member counlries receive traintng 3.1 T raining Repof'ts NAR5 SOClO*economlsl are dV..iíl"ble lo panióp.1te 
nalioue] programs is enhanct!d in partidpatory oo,",arm research in adoplion and impacl ~tud¡es 
3.2 Steering Cornminee reports 
3.2 PPO melhodology is rout¡nely uSted in ¡di 
nefworks 10 plan adivities 3.3 Workshop proceedings 
3.3 2 or more network workshops are held 3.4 NARS Annual Repons 
annually lo review and exchange informdtiun 
in particular eneas 3.5 Programs and data made avaitable 
3.4 Variety Adúption ano Technology Impdd 3.6 GIS mdps oi African bean growing 
Studies ale conducted in 5 countries environmenlS available 
3.5 NARS develop regional database lo record 
breeding data 
3.6 Airic.l bean environmental d.ita ¡s d¡gilized iúr 
GIS mapping 
4. Sustamabdlly nf the regional networks 4.1 local coordinators are eít'cdive in managmg 4.1 Stecring commitlee reports; Netwurk Nerwork coordin.Hors function eiiectlvely 
i!> Incre<lsed regional beao nelworks evaluations 
Directors Committees suppúrt lo network 
4.2 ASARECA and rnher Director Committees 4.2 ASARECA ropo'" 
provide policy and polilital support to NARS 
rese:<lfch activily 4.3 Working GfÚUp reports 
4.3 A<.."1ivc NARS locientlsts take responsibility for 4.4 NARS po!icy dotuments 
coordinatiog .dl Working Groups 
4.5 Intemal <ludit reports 
4.4 Quaran,ine restrictions. among network Donor reports 
member countries are eased 
4.5 Networks develop budgets aod quarterly 
report~ according to donar specificalions ,lOd 
ontime 
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Narrative Summary Objectively Verifiable Indicators Means of Verification Critical Assumptions Beyond the 
Control of the Project 
s. Local and expott market potential oí 5.1 Bruchid resistance is incorporated ioto 10 5.1 Working Group Reports National marketing ano export Hade regul~t¡ons 
dI)' and snap beans ls exploited popular Afric.m commerclal culrivars are favorable 
5.2 NARS annuid reports 
5.2 Pesticide applicdtiuns in export snilp nei:ms are 
reduced by 30% In p¡!ot-study areas of Kenya 5.3 Seed Workshop proceedings 
and Tanzania 
53 Trdder$ particip.,ne in s~ workshops in 
Uganda, Tanzania and Malawi 
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3.4 Project Budget 
Centro Internacional de Agricultura Tropical- CIAT 
Proposed Budget in US$ (000) for the 
Pan-Africa Bean Researeh Allianee - PABRA 
Cost Centers 1996 1997 1998 1999 2000 TOTAL 
STRATEGIC RESEAReH 
1/. Personnel 
Senior Staff Salary and Benefits 749 675 615 646 669 3,354 
Research Support Staff 145 137 119 125 131 657 
Administrative Assistant 19 20 21 22 23 105 
Total Component 913 832 755 793 823 4,116 
2/. Research Operations 
Supplies and Services 190 179 143 150 157 819 
Travel 97 91 73 77 81 419 
Vehicles (4) & Insurance 22 22 46 3 3 96 
Research Station Support 25 25 30 30 30 140 
Seed Shipments/Research Support from ClAT HQ 65 68 71 75 79 358 
Total Component 399 385 363 335 350 1,832 
3/. Training and Publications 
Senior Visiting Scientists (4) 26 28 54 
Training Materials 20 10 22 12 22 86 
Publications 10 11 12 12 12 57 
Total Component 30 47 34 52 34 197 
39 
Cost Centers 1996 1997 1998 1999 2000 TOTAL 
4/. Evaluations 
Evaluation 2S 2S 50 
Audit 7 5 7 19 
Total Component 7 30 32 69 
5/. Indirect Costs (15%) 202 190 177 177 186 932 
SUB-TOTAL Strategic Research 1,551 1,454 1,359 1,357 1,425 7,146 
SUpeO!H TO NEIWORKS 
6/. Coordination 
Steering Committees Meetings 21 23 24 25 26 119 
ECABREN Coordinator Salary and Benefits 70 40 42 44 46 242 
Administrative Officer (0.5) 9 9 10 10 11 49 
Administrative Services/Supplies 12 13 13 14 15 67 
Office Equipment 10 7 S 22 
Communication & Office Operations 18 8 9 9 10 S4 
Travel 16 14 15 16 17 78 
Total Component 156 107 120 118 130 631 
7/. Research in NARS 
Research Sub-projects 160 165 175 200 210 910 
Small Research Equipment 30 30 30 90 
Network Resource Persons 10 10 11 12 12 55 
Adoption and Impact Assessments 10 10 11 12 12 55 
Total Component 210 215 227 224 234 1,110 
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Cost Centers 1996 1997 1998 1999 2000 TOTAL 
8/. T echnology Dissemination 
Network Workshops 70 70 70 75 75 360 
PABRA Conference 85 85 
Publications/lnformation 25 15 26 16 27 109 
Total Component 95 85 % 176 102 554 
9/. Training 
Local MSc Scholarships (4) 20 45 39 9 113 
Short Courses 75 70 80 70 85 380 
Total Component 95 115 119 79 85 493 
10/. NARS Equipment Support 
Communications 2 2 3 7 
Minor rehabilitation of labs and research stations 20 25 45 
Vehicles (4) for On-farm Research & Insurance 44 44 3 3 3 97 
Total Component 66 71 3 6 3 159 
111. Indirect Costs (10%) 56 52 56 61 56 281 
SUB-TOTAL Networks Support 678 645 621 664 610 3,218 
GRANDTOTAL 2,229 2,099 1,980 2,021 2,035 10,364 
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ClDA 
SDC 
USAID 
TOTAL 
1996 
1,148 
641 
440 
2,229 
Donors Support to PABRA 
(US Dollars) 
1997 
1,031 
628 
440 
2,099 
1998 
907 
633 
440 
1,980 
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1999 
945 
636 
440 
2,021 
2000 TOTAL 
962 
633 
440 
2,035 
4,993 
3,171 
2,240 
10,364 
3.5 Budget Notes 
Research Support 
1/. Personnel: The budget covers seven full-time CIAT senior staff positions for 1996 (year 
1 l, reducing to five staff posilions by 1998 (year 3). 5taff costs are average cosls reflecting 
salary, retirement, medical insurance, cost of living allowance, hardship allowance, annual 
leave, dependent schooling, oificial vehicle, life insurance, housing costs, etc, as outlíned in 
CIATs Cuide for Project Identification, Design, Approval, and Administration (CIAT, 1995). 
Exact costs vary for each employed scientist. Donors are billed only for actual costs incurred 
for specifíc staff employed. Terms of reference for each position is gíven in Appendix 1. 
Research Support Staff in PABRA are research technicians working with CIAT scientists, 
secretarial and clerical support for the PABRA coordination office and sile offices. The 
Administrative Assistant is responsible for ¡he financial reporting of PABRA expenditures to 
ClAT's Project Office. The CIAT Administrative Assistant will also work dosel y with ¡he part-
time Network Administrative Assistant and the Directors Committees to sel up budgel 
reporting systems that are compatible to that of ClAT and the donors. 
Note: CIA T's core contríbution lo bean research supports seven senior staff positions al HQ 
and one posítion in Costa Ríca. The primary responsíbílíty of the core-funded staff is 10 provide 
basic and stralegic research support lo global bean research efforts, emphasizing Latin America 
where two-Ihirds of the world's bean production occurs, and Africa were beans play an 
essential dietary role. CIA T core budget covers all salaries and benerits tor CIAT-HQ slaff while 
working in Africa, as well as for Ihat portion of their HQ work time devoted to supporting 
African bean networks in research and training activities. Research output from HQ actívities 
is generally of direct use to bean researchers in Africa, primarily in ¡he form of breeding lines 
with new gene combinations for greater resistance and increased productivity. Other outputs 
are superior strains of Rhizobium for nitrogen fixation, biotechnologicaltechniques for studies 
of genetic diversity, molecular markers for identifying genes and fingerprinting pathogen races, 
crop and gene modeling procedures for improved prediction capabílities, development o( 
novel breeding strategies, and collaborative research projects. 
2/. Research Operatjons: PABRA research operations costs inelude: field and laboratory 
supplies and services (e.g. field preparation, temporary labor, fertilizers or other agricultural 
products, laboratory chemicals and pathogen medial; (requent travel by CIAT staff to visi! 
national programs in Africa and to attend CIA T annual planning meetings and reviews; 
vehicles (and car insurance) for on-farm and across-station mobility; research station support 
to cover host country research and central service fees for use of offices, laboratories, and 
fields, where appropriate; twice yearly ClA T-HQ seed shipments of bean breeding lines and 
improved germplasm lo national programs in Africa; HQ research collaboration and service 
activities (e.g. such as specíalízed crosses for national programs breeders). 
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3/. lraining and Publications: ClAI-HQ will host specialized training events for Senior African 
Researchers for 1-2 month periods twice during ¡he project phase. 
4/. Evaluations: Both CIAT and Network activities will be evaluated during the third and fifth 
year of the project. In consultation with the donors a decision will be made as lo whether a 
full external review is needed for both evaluation periods, or, for one evaluation period, a less 
formal, internal review may be recommended. 
SI. Indirect Cost5: CIA 1 administrative overhead of 15% applies lo those funds managed 
directly by CIAT; otherwise a 4% overhead is charged. 
Support to the Networks 
6/. Coordination: PABRA and Networks Steering Committees meetings will be held on bi-
yearly basis. When possible, the steering committee meetings will be held in conjunction with 
other on-going events in Africa. A full-time Network Coordinator position is budgeted for 
ECABREN with regional salary and benefits, minimum essential office equipment and supplies, 
secretarial services, communication facilities, travel costs on a per diem basis. During 1996, 
the RESAPAC coordinator will overlap with the ECABREN coordinator. Funds for the 
ECABREN coordination position will be allocated upon approval of the candidate selection 
procedures by !he PABRA Coordinator, ¡he Chairperson of ASARECA, and the donor 
representatives. ECABREN will maintain a part-time Administrative Assistant as a contracted 
service to manage and report network budgets and assist in the organization of training and 
workshop events. 
7/. Research: Funds are made available for research sub-projects and some small research 
equipment on a competitive basis by the networks and the PABRA-Se. Periodically, a network 
may need to bring in a outside resource person 10 provide additional technical input into 
specific problems. When and where adoption studies and impact assessments are to be 
conducted is determined by the PABRA-SC in collaboration with the network coordinators. 
8/. Technology DisseminatjQo: Research results and outputs will be shared within and among 
networks through a series of regional workshops and Working Group meetings. The 
proceedings of !hese events are published. 
9/. Trainjng: Four local MSc scholarships will be awarded based on a series of criteria set by 
the PABRA se. Regional training courses for technicians and extension personnel will be 
organized by the network steering committees. 
10/. NARS Equipment Support: For effective on-farm and farmer participatory research, four 
vehicles are budgeted. Distribution of the vehicles will be decided by the PABRA-Se. 
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3.6 Monitoring and Evaluation of the Networks 
The networks will develop a Work Breakdown Structure (WBS) and logical Framework Matrix 
(LFM) lo outline expected outputs and activities for the (¡ve year project phase. The LfM wil! 
be the base for which overall research and out pUl i5 evaluated. The WBS/LFM can be modified 
each year by the SC ii research progress and/or unforeseen events made the original plan no 
longer val id or out-of-date. 
The ECABREN network has funds to carry out both formal and informal adoption and impact 
studies with farmers/traderslconsumers. The CIAT socioeconomist will a5sist the national 
programs in the design and implementation of these studies. The final reports will be 
distributed lo ClAT, PABRA-SC, DC, and the donors. 
In addition to the lFM, proceedings from regional meetings, working groups, and subprojecl 
reports are also used for monitoring and evalualing research results. Each recipient of sub-
project funds must justify their expenditures and outputs lo Ihe nelwork SC against what was 
slated in the original sub-project proposa!. If a recipient can not adequately justify 
expenditures or research outputs, the SC may decide not to continue funding tha! project, and 
those funds may be transferred lo other projects. 
Twice during the fíve year project, the donors wíll cal! for an independent evaluatíon of the 
network. The donors will decide upon the number of reviewers and their disciplinelspecialty. 
The PABRA coordinator will accompany the review team during Iheir visils. The final report 
with recommendations will be made available to lhe donors, CIAT, PABRA-SC, network SCs, 
and De. 
3.7 Monitoring and Evaluation of PABRA 
CIAT will use a WBS and lFM to outline íts research actívities within PABRA that is 
independent, bUI complementary, to those developed by the networks. It i5 expected that the 
CIAT staff will devote considerable portion of Iheír líme 10 solvíng strategíc produclion 
constraints and proportionately less time lo network strengthening actívíties. Thís represenls 
a change ín CIAT's overall philosophy and historical perspective lowards natíonal programs, 
Ihe network5, and bean research in Africa. In previous phases of the Africa bean projects, 
national program and network slrengthening was of priority importance to CIAT. Now, after 
8-10 years of network development, CIAT, the donors, and the DCs consider this activity to 
have been done well, and that the networks are ready for independent management. The 
devolution oi network management will free-up ClAT scientists lo concentrate more oi Iheir 
efforts on basic and slrategic research needed to solve many complex and difficult bean 
production constraints. Without Ihis concentraled effort it will not be possible for Africa to 
produce sufficient quantities of beans lo meet the growíng demands of poor consumers who 
depend of beans as a principal source of proteín and carbohydrates in their dieto 
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Moniloring and evalualion of CIAT scienlisls and research activities in Africa occurs several 
times each year. CIAT scienlists are required lo produce annual work plans and lo justify Ihe 
previous year's research OUlput lo Ihe Bean Program leader. At the end of each year, the 
scíentists must produce an annual report which is compiled and published by the bean 
program for inlernalional distribulion. Each scientisl also is evaluated annually for his/her 
performance by the Program Leader and CIAT's Director of Research. 
PABRA wíll be evaluated twíce during the course of Ihe projed by an independent team put 
together by the donors. The PABRA evaluatíon will encompass both the networks and CIA T's 
adívítíes and OUlputs. This report will be made available to the donors, CIAT, and the PABRA-
se. 
3.8 Financial Reports 
ClA T will submit a quarterly report to ClDA, SDC, and USAID corresponding to the lotal 
PABRA ( Research Support and Support lo the Networksl budget. To reduce admínistratíve 
work, only one budget statement will be prepared for Ihe donors. The budget report will 
showed the expenditures charged 10 the total PABRA funds available for that fiscal year. No 
separation of expenditures by donors will be made. ClAT will contract ECABREN/ASARECA 
to prepare a quarterly budget reporl of Ihat network's expenditures. This report will be 
included in Ihe PABRA report sent lo the donors. 
3.9 Technical Progress Reports 
Technical Progress Reports will be submitted semi-annually on March 15 and September 15 
by CIAT-HQ lo the donors. The report will contain two sections: aclivítíes of CIAT and 
adivítíes of the networks. ECABREN and SADC are responsible for submilting their report to 
ClA T forfinal compilation. 
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APPENDICES 
1. INTERNATIONAl STAFF REQUIRED TO IMPlEMENT PABRA 
PABRA Coordinator: Coordinator 01 Ihe PA6RA 5teering Committee is also the CIAT Pan-Afriea Coordinator. 
Plans and monitors ClAT trainiog, researeh, inlormation and germplasm exchange activities for Afríea. Uaises with 
national program research directors to ensure consistency of PA8RA activities with national and regional 
priorities. Represents PABRA al olher events within Alriea. Member of regional steering committees. As CIAT 
representative, the PA6RA coordinator is responsible for supporting regional planning mechanisms, feedback 
systems and national researeh plans. Facilitates pan-Africa meetings and information dissemination. 
Socio-Economist: Conducts research and develops methods lO assisl nalional programs in adjusting technology 
design and evaluation to objeclives and needs of Alrica growers, and lO assiSI NARS in impact assessments. 
Emphasizes farmer participation and gender sensilivity in bolh on-slation and on-farm research Irials; facilitates 
farmer feedback lo scíentists on technology design parameters and performance. Desígns, tests and monitor. small 
scale seed productíon and distríbution systems. Conducts research on marketing oi beans. Participates in ¡raining 
evenl •. 
Entomologist: Conducts >!rategie researeh and assists national programs in dealing with regional pesls problems. 
Develops methods to improve host planl resistance and integrated pes! managemen! practices with priority given 
lo the bean stem maggol species complex. Provides seientific and teehnical input to entomological working 
groups. Collaborates with national scientists, NGOs, and other regional projects in testíng, training, and diffusion 
oi integrated pest managemenl systems for dry bean and snap bean croppíng systems. 
Pathologist: Leads strategie research on foliar diseases and rool pathogens. Assists national programs in 
overeoming major regional disease constraints. Focuses on problems unique to Afriea, ineluding races of BCMV, 
halo blight, angular leafspot, anthracnose, and rool rol complexes. Characterizes palhogenic diversity, develops 
screening methods, and appraises management strategies, especially lor genetic mixtures and root pathogens. 
Supports pathology Working Groups and training events to develop regional expertise. 
Agronomist-Soil Scientist: Conducts strategie research on management oi bean based eropping systems, 
emphasizing fertility management to improve nutríent use efficiency and bíologieal nitrogen fixatíon. 
Characterizes major lertility constraints and appraises ellect of farmer practices on nutrienl cycling and erosion; 
desígns improved lertility management systems integrating adapted bean genotypes and improved BNF ioto multi-
crop systems to improve sustainable bean productivity. Assists national programs in improving fertility 
management in bean cropping syslems and strengthens plant nutrition and fertility management research capacíty 
in the regioo. 
Plant Breeder (large-seeded types): Develops breeding lines and segregating populations in large-seeded bush 
and climbing beans with high yield potential and multiple disease and inseet resistanee. Conduets strategie 
research on ¡he genetics of resistance to majar African biotic constraints, with emphasis on bean stem maggot, 
angular leafspot, scab, halo blighl and root rolS. Supplies ímproved germplasm lo national breeders with technical 
assistance in selection and evaluation methods. Develops strategies for ímproving traditional míxtures; participates 
in training events. 
Plant Breeder (Small-seeded types): Develops breeding lines and segregating populations ín small-seeded bush 
beans with improved yield potentíal and grea!er tolerance to abiotic constrai nts. Tests improved snapbean 
germplasm for adapation to Afriean productioo conditions. Conducts strategie studies on resistanee to drought 
aod low soil fertility, and improves genetic nitrogen fixation potentia!. Supplies improved germplasm 10 national 
breeders, and provides lechnieal assistance io selection and evaluation methods. Organizes and di.tributes 
specialized pan-Alriea breeding nursuries; participates in training events. 
2. ECABREN AND SADC RESEARCH NETWORKS 
EASTERN AND CENTRAL AFRICA BEAN RESEARCH NETWORK (ECABREN): 
Burundi: 
Ethiopia: 
Kenya: 
Madagascar: 
Mauritius: 
Rwanda: 
lanzanía: 
Uganda: 
Zaire: 
Institut des Sciences Agronomiques du Burundi (lSABU) 
Universite du Burundi 
Institute of Agricultural Research (lAR) 
Alemaya University 01 Agriculture 
Plant Protectiori Research Center 
Kenya Agricultural Research Institute (KARI) 
Egerton University 
Nairobi University 
Centre National de la Recherche Applique au 
Developement Rural (fO.FI.FA.) 
Sugar Industry Research Institute (MSIR!) 
Ministry 01 Agriculture (MoA) 
lnstitut des Sciences Agronomiques du Rwanda (lSAR) 
Universite National du Rwanda 
Mlnistry 01 Agriculture (MoA) 
Sokoine University 01 Agriculture 
Natíonal Agricultural Research Organization (NARO) 
Makerere University 
Institut National des Etudes sur la Recherche Agronomique (IN ERA) 
SOUTHERN AFRICA BEAN RESEARCH NETWORK (SADC): 
Angola: 
Lesotho: 
Malawi: 
Mozambique: 
Namibia: 
South Africa: 
Swaziland: 
Instituto de Investigacao Agronomico de Angola (IIAA) 
Universidad Agostino Neto 
Ministry 01 Agriculture (MoA) 
Ministry 01 Agriculture (MoA) 
University 01 Malawi 
Instituto Nacional de Investigacao Agraria (INtA) 
Ministry 01 Agriculture, Water and Rural Development (MOWRD) 
Agriculture Research Councíl (ARC) 
Ministry 01 Agriculture (MoA) 
University 01 Swaziland 
48 
Tanzania: 
Zambia: 
Zimbabwe: 
Minislry o/ Agriculture (MoA) 
(southern highland region) 
Ministry 01 Agriculture (MoA) 
Minislry 01 Agriculture (MoA) 
University 01 Zimbabwe 
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3. SCIENTIFIC PUBlICATIONS 
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Allen,D.j. 1991. New disease reeords írom legumes in tropícal agrículture. FAO Plant Protectíon Bulletin 39:112-113. 
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Tests. Trop. Pesl Management 38(2):173-175. 
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Tanzania. Communications ío 5011 Sclence aod Plant Aoalysis 23: 1663-1667. 
Grisley, W. 1993. Seed for bean production in sub-Saharan Afriea: issues, problems, and possible solutions. Agriculture 
Syslems 43:19-33. 
Grisley, W. 1994. The bean revolution. Ceres 149:27·30. 
Hanson, P.M., M.A. Pastor Corrales, and J.L. Kornegay. 1993. Herilability and sources 01 aschochyta blíght res¡stanee 
in common bean. Plant Dís. 77:711-714. 
Mukíshi M.P., and P. Trutmann. 1992. Managing angular leal spot on common bean in Afrie;; by supplementing farmer 
mixtures with resistant varieties. Plant Dis. 76: 1144-1147. 
Mukoko, O.Z., N.W. Galwey, D. ). Allen. 1995. Developing cultivars 01 the common bean {Phaseolus vu/gar;s Ll for 
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Crops. Res. 40:165-177. 
Pyndji, M.M. and P. Trutmann. 1992. Managing angular leai spot On eommon bean in Aírica by supplementing farmer 
mixtures with resistant varieties. PI. Disease 76:1144-1147. 
Shellie-Dessert, K.C, and G.L. Hosíield. 1990. Implications oí genetic varíability for dry bean cooking time and novel 
cooking methods lar fuel wood conservation in Rwanda. Ecology oí Food and Nutrition 24:195-211. 
Smithsoo, J.B., O.T. Edje, and K.E. Giller. 1993. Diagnosis and eorrection oí soí! nutrient problems of common bean 
(phaseolu5 vulgari,) in the Usambara Mountains of Tanzania. J. of Agric. Sci. 120:233-240. 
Sperling, L Climbing for the top in Rwanda. CERES 148:12-14. 
Sperling, L., and M. Loevinsohn. 1992. The dynamies 01 ¡¡doption: distribution and mortality oí bean varieties among 
smal! farmers in Rwanda. Agricultura! Systems. 41 (4}:441-453. 
Sperling, L., M. loevinsohn, and B. Ntabomvura. 1993. Rethinking the larmer's role in plant breeding:local bean experts 
and on-station selection in Rwanda. Exp. Agrie. 29:509-519. 
Trutmann, P. and W. GraL 1993. The impact of pathogen and arthropod pests on common bean production in Rwanda. 
Intern. J. of Pest Managemenl 39(3):326-333. 
Trutmann, P., and E. Kayitare. 1991. Disease control and small multiplieation plots lo improve seed quality and small íarm 
dry bean yields in central Alriea. J. 01 Applied Seed Production 9:36-40. 
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Trutmann, P., K.B. Paul, and D. Cishahayo. 1992. Seed Irealments to increase yield of Pnaseolus vulgaris in Afdea through 
control of disease, and beanfly. Crop Pral. 11 :458-464. 
Trutmann, P, and M.M. Pyndji. 1994. Partial replacemenmt of local common bean míx!ures by high yíelding angular leaf 
SPO! resistant varíetie, to conserve local genetie diversíty while increasing yield. Ann. Appl. Bíol. 125:45-52. 
Trutmann, P., J. Voss and). Fairhead. 1993. Management of common bean diseases by farmers in the central Afriean 
Highlands. Intern. J. oí Pest Managemenl 39(3):334-342. 
Wortmann, CS. 1993. Contribution of bean morphological eharacleristics lo week 5uppression. Agron. J. 85:840-843. 
Wortmann, CS., CH. Boseh, and L Mukandala. 1995. Foliar nutrient analyse, for bananas of Ihe Eastern ,."friea 
Highlands. Agron. J. and Crop Sei. (In pres,) 
Wortmann, CS., M. Isabirye, and S. Musa. 1995. Crotalaria ochroleuea as a green manure crop in Uganda. Afriean J. Crop 
Sci. (acceptedl. 
Wortmann, CS., E. B. Karamura, and CS. Gold. 1995. Nutrient flows form harvested banana pseudostems. Alriean J. Crop 
Sci. (acceptedJ. 
Wortmann, CS., J. Kisakye and O.T. Edje. 1992. The diagnosis and recommendation integratedsystem for dry bean-
Determination and validation 01 norms. J. 01 Plan! Nutr. 15:2369-2379. 
Wortmann, CS., L. luoze, VA Oehwoh, and J. lynch. 1995. Bean Improvement lor low íertility soils in Afriea. Alr;ea 
J. Crop. Sci .. (acceptedl 
Wortmann, CS" and T. Sengooba. 1990. Investigatiofl of banana-bean intereropping in Uganda. Hor!. Sei. 26:84. 
Wortmann, CS. and T. Sengooba. 1993. The banana-bean intercropping sysem - bean genotype x cropping syslem 
interaetions. Field Crops. 31 :19-25. 
Wortmann, CS., T. Sengooba and 5. Kyamanyawa. 1992. Banana and bean intercropping: factors aflecting b·· .. n yield and 
land use efficiency, Exp. Agrie. 28:287-294. 
Se/ected Proceedings, Book Chapters, and other Sdentific Publications: 
Abale, T., J.K.O. Ampofo, A. Aulrique, l. Kantiki, 5. Sithananthum, P. Sohati, and N. Talekar. 1991. The regional bean 
stem maggot resistance reconfirmatary nursery: sorne preliminary results. 10th Bean Research Workshop, Soko;né 
University af Agriculture, Morogoro, Tanzania, 16-18 September. 
Aggarwal, V.D. 1994. Genetics of tolerance and implicatains for breedings- a review. Paper presented at the Working 
Group Meeting on Screening Beans for Toelrance to 50il Fertility Poblems, Kampala, Uganda, 23-26 May. 
Aggarwal, VD., and R.A. Kirkby. 1994. ClA 1's bean researeh in Afr¡e •. Paper presenled at the Sixth Meeting of Household 
and food Security aod Nutrition Network 01 the UNICEF, Durban, South Afríea, 15-18 Aug. 
Aggarwal, VD., S.K. Mughogho, R. Chirwa, and A.D. Mbvundula. 1994. Results Of low pH complex in Malawi. Paper 
presented in the Working Group Meeting on Screening Beans lor Ollerance lO Soil Fertility Problems, Kampala, 
Uganda, 23-26 May. 
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Allen, D.¡. 1989. The inllueoce 01 intercroppíng with cereals 00 disease development in legumes. p. 62·67. In S.R. 
Waddington, A.F.E. Palmer, and O.T. Edje (ed). Proceedings 01 a Worksnop on Research Methods for 
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